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ontinuous subcutaneous insulin infusion using insulin pump
becoming more sophisticated with improvement in technolg
The use of these pumps is increasing amongst patients with ty
diabetes and they have been shown to improve glycaemic control, hyp,
caemia rates and quality of lif@.here are, howevghigh costs associate(
with the use of pump therapy both in terms of purchasing equipment
increased health professional time for commencement of pump theray

Cost efectiveness is becoming a high priority for health care in most-cg
tries and guidelines have been developed for economic evaluation of
ical therapies.The cost d&ctiveness is most commonly assessed look|
at quality adjusted life years (QXN. gained by a treatment and the incr
mental cost déctiveness ratio (ICER) or cost per QAL This enables
direct comparison to be made betweeffed#nt treatments in dérent dis
eases.
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and severe hypoglycaemic but datimcal costings of pumps, insulin an:
Pump therapy vs. multiple daily was mostly descriptive in the studhealth services. Calculation of lon
injections ies involved.Another meta-analysisterm costings and savings of trea
by Pickup et al looked at 12 trialsment relies on modeling analyses «
Pump therapy has been comparezhd 301 patients published betweedisease. There are few cost feic-
with conventional therapy in a num 1982 and 2000.The HbA1c difer- tiveness studies published to da
ber of studies and outcomes arence was 0.51% in favour of CSllcomparing multiple daily injections
mostly favourable for insulin pumpAgain, there was a lower frequencyo insulin pump therapy Those
therapy compared with multiple dayof hypoglycaemia but this was nopublished vary in the type of diseas
injections of insulin (MDI). There quantitated (2).A meta-analysis by modeling used and input dat
have been several meta-analys&3olquitt et al in adults with type lincluding local cost factors. In &
performed comparing the two treatdiabetes showed an HbAlc reduaecent publication by Roze et a
ments. The lagest and most recenttion averaging about 0.5% in favouanalysis was performed in a Uk
by Weissbeg-Benchell et al is aof CSIl (3). A large randomized, population using the CORE dia
meta-analysis of studies involvingcontrolled, crossover trial bybetes model. This model uses a
1547 patients including adults, adoHoogma et al. (4) compared MDIstandard Markov/Monte Carlo sim
lescents and children (1). Fifty twowith insulin pump therapy in 272ulation technique and is designed 1
studies were published betweepatients over 6 months. Similarlypredict the progression of diabete
1979 and 2001, however only 13 ofesults were in favour of CSIl shew and its complications over a vari
these were published after 1993ng lower HbAlc at the end of theable time horizon (5, 6). The
The principle finding was of antreatment period (7.45% vs. 7.67%LORE diabetes model has been-pi
HbAlc reduction of 1.2% in favourand reduced frequency of hypoglyviously published and validated an
of pump therapy in those who hadaemia (mild hypos 126 decrease, relies on data lgely from the
been on pump therapy for more thasevere hypos 60% decrease) (4). DCCT and UKPDS trials. Using

one year Eleven of the 52 studies this model, the Roze study analyze
were parallel study design, and from  Cost efectiveness studies cost efectiveness of insulin pumg
these there was an HbAlc reduction therapy compared with MDI with

of 0.95% in favour of pump therapyCost efectiveness analysis isan HbAlc reduction of 1.2% (as pe
Insulin pump therapy was assoeiatdependent on many factors includWeissbeg-Benchell's meta-analy
ed with decreased frequency of milihg the population under study andgis) and time horizon of 60 years
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Life expectancy in pumps users waQALY of < £3,000. cular disease reduced by 24%
improved by 0.71 years compared adults and 16% in adolescent
with MDI or an additional 0.76 A recentAustralian study (Cohen etMyocardial infarction was reducec
QALYs. Mean lifetime costs ofal. in press) has used the CORBy 11% in adults and 4% adoles
pump therapy were £19,407 immodel in association with currentcents. This may be an undestk
excess of MDI and this gives rise tAustralian costings to look atmate as evidenced by recent EDI
cost per QAL gained of £25,648. insulin pump therapy costfettivee data showing a 50% reduction il
Sensitivity analyses were used leokness in both adults and adolescentsardiovascular outcomes in lon
ing at changing the main variable$n this study using an HbAlc reducterm follow-up from the DCCT
in the analyses. Using the Pickupion of 1.2%, an increase in qualitycohort (9). Treatment costs were
HbAlc reduction of 0.51% pumpsadjusted life expectancy of 0.47%he lagest component of costs witl
were less cost fective at £61,564 years in adults and 0.56 years i$80,281 and $93,641 lifetime cost
per QALY. adolescents was associated witim insulin pump therapy compare:
costs of $74,147 and $74,661 pewith $39,749 and $44,703 for MDI
These analyses assume a neuti@ALY respectively These results in adults and adolescents respe
effect of pumps on hypoglycaemiaare just below the threshold abovévely.
rates. Howeverrecent studies havewhich theAustralianPharmaceutical
shown a 50-75% reduction in hypoBenefits Advisory Committee There were many sensitivity analy
glycaemia rates. Sensitivity analy(PBAC) is unlikely to recommendses performed in this studyHbAlc
sis was performed using 50% antisting of a drug for reimbursementwas varied to 0.51% and 0.959
75% reduction of hypoglycaemiain theAustralian system (8). reduction. In adults, this resulted i
rates and the costfettiveness was cost per QAL of $124,201 and
£20,104 and £18,044 respectivelymproved glycaemic control asseci$97,297 respectively In adoles
Another paper by Scfifam et al ated with pump therapy reducedents, results were similar a
looked at cost édctiveness in the long term complication rates andb114,818 and $97,283 respectivel
UK (7). This study used a Markovcosts and again these weréset by (Figure 1).
model and data from the metathe increased cost over a lifetime of
analysis by Pickup. Results werénsulin pump therapy compareddypoglycaemia rates were varied t
adjusted for changes in quality ofvith MDI therapy Comparing 50% and 75% reduction with
life. The mean cost per QALwas insulin pump therapy with MDI insulin pump therapy In adults
£11,461. Insulin pump therapy wasevere vision loss was reduced bgosts were $63,537 and $57,9:
most efective for the small percent 21% in adults and 12% in adolesrespectively per QAL In adoles
age of patients requiring at least twaents, end stage renal diseas®nts results were $62,950 ar
hospital admissions per year foreduced by 22% in adults and 169$56,472 per QAY respectively It
hypoglycaemia, with cost perin adolescents, and peripheral vass important to note that these stu
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les do not take into account indirecatric population study by Doyle et aMinshall ME, FoosV, Lurati FM, et
costs to the community such asprq12), HbAlc reduction was 0.8% inal. Validation of the CORE Diabete:
ductivity losses associated witfavour of insulin pump therapyModel against epidemiological an
severe hypoglycaemiblypoglycaemia compared with a glgine MDI clinical studies. Curr Med Res Opir
per se did not have a tgrimpact on group. This HbAlc reduction was 2004;20 Suppl 1:527-40.

direct costings as most hypoglyused in a sensitivity analysis in th®- Roze SValentineWJ, Zakrzewska
caemia episodes are treated withoadolescent cohort and resulted in & Palmer AJ. Health-economic
hospital admission. According to cost of $64,175 per QAL comparison of continuous subcut:
Australian figures 18% of patients neous insulin infusion with multiple

) ) . daily injection for the treatment of
with type 1 diabetes have $erfed Conclusion Type 1 diabetes in the UK. Diabe

two or more severe episodes of Med 2005:22(9):1239-45.
hypoglycaemia in the previous sixThe studies reviewed show that cost Scufhar’n P Carr L.The cost-6Bc-
months, and after a severe everfffectiveness of pump therapyieness of continuous subcutaneo
74% restrict activities over the nexvaries markedly according tOjnsylin infusion compared with muiti
few days. There are no currentlyHbAlc reduction achieved and thje daily injections for the manage
published data on the indirect costpatient groups analyzed. Insulifment of diabetes. Diabet Mec
in type 1 diabetes but it would bepump therapy is cost fettive in 2003;20(7):586-93.
reasonable to expect a significarpatients who would achieve ader 8. Geoge B, HarrisA, Mitchell A.
indirect economic benefit fromHbAlc drop. Therefore, from an Cost-efectiveness analysis and th
hypoglycaemia reduction. economic perspective, insulin pumggonsistency of decision making: evi
therapy should be considered for gence from pharmaceutical reim

Sensitivity analysis was performednore 'brittle’ group of patients inbursement in australia (1991 to 199€
comparing MDI which incorporateswhom initial HbA1c is high.There Pharmacoeconomi@)01;19(1):1103-
the new long-acting insulin anais a smaller but significant benefit-
logue, glagine, with insulin pump from a cost perspective on hypogly®- Nathan DM, Cleary & Backlund
therapy Glagine is a more expen caemia reduction. JY, Genuth SM'. Lacr_nn M, Orcharc
sive insulin although may be more TJ, et aI.'Intenswe dliabetes.treatr'ne

. > and cardiovascular disease in patier
effective at reducing HbAlc and References : :

. . N with type 1 diabetes. N Engl J Me
lowering hypoglycaemia rates (10): 2005:353(25):2643-53.
In current treatment of type 1 elial.\/\/eiss'beg-BencheI.I J, Anti_sdel- 10. F,ulcher GR, Gilbert RE/ue DK.
betes, this is an |mportan'_[ compgr|LomagI|o J, Seshadri R. I_nsulln_ IoumFGlargine is superior to neutral preta
son group, as most patients wittherapy: a meta-analysis. Diabeteg,ine Hagedorn for improving glycat
type 1 diabetes are now treated witare 2003;26(4):1079-87. ed haemoglobin and fasting bloo
either a glagine or detemir based2- Pickup J, Mattock M, Kerty S. o6 evels during intensive insuli
MDI regime. Few studies have®lycaemic control with CONtNUOUSy e any ntemn Med J 2005;35(9):536
looked directly at a glgine-based SUbCUtaDGQUS In_sullp mfugqn com,,
MDI regimens and insulin pump.F’areo'.W'th Intensive '”39"” |nje.ct|onsﬂ_ Fahlen M, Eliasson B, OdeA.
therapy and there are no publishe'&J patlgnts with typ‘? 1 diabetes: rr](ata@ptimization of basal insulin delivery in
data looking at detemir insulin and® nalysis of randomized controlled-tr Type 1 diabetes: a retrospective stu

insulin pump therapy als. Bmj .2002;324(7339):795' on the use of continuous subcutaneo
3. Colquitt JL, Green C, Sidhu IVIK’insuIin infusion and insulin glgine.

Hartwell D, Waugh N. Clinical and . .
; ; i ; ' Diabet Med 2005;22(4):382-6.
Two adult studies, in which glgine st efectiveness of continuous sub ()

was used, showed quite fifent cytaneous insulin infusion for dia 12. Doyle EAWeinzimer SA, Efen
results, highlighting a need for moreyetes. Health Technol
studies in this area. Of these, @&ar 2004;8(43):iii, 1-171.
retrospective study showed a 0.39%, Hoogma RPHammond PJ, Gomis
reduction in HbAlc in favour of R, Kerr D, Bruttomesso D, Bouter KPmuItipIe daily injections using insulin
insulin pump therapy (). The et al. Comparison of the fetts of largine. Diabetes Care
ICER in this scenario wascontinuous subcutaneous insulin infu2004;27(7):1554_8.

$229,760. The other study (in asion (CSI) and NPH-based multiple) 3 - pjciyn 3, Kidd J,Burmiston S
small number of hypoglycaemia-daily insulin injections (MDI) on gy vemane N. Bectiveness of continuous
prone patients) (13) showed afaemic control and quality of life: g o\ \aneous insulin infusion in hypc
HbA1c reduction of 1.4% and a cosfesults of the 5-nations trial. D'aberglycaemia-prone type 1 diabete

per QALY of $40,394. In a paedi Med 2006;23(2):141-7. Practical Diabetes Int 2005; 22(1):14-
5. PalmerAJ, Roze SValentineWJ,

AT, Ahern JA\Vincent M,Tamborlane
Assess WV. A randomized, prospective tria
comparing the détacy of continuous
subcutaneous insulin infusion wit
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The Use of the Continuous Glucose Monitors
In Pregnancy

Dr. Kylie McLachlan and Dr. David O'Neal, Dept. of
Endocrinology and of Medecine, EVincents Hospital,
Fitzr oy, Australia

Intensive management of diabeteShe electrode's accuracy i

ypemlycaemia remains ain pregnancy currently involvesimproved by calibration agains

H major cause of maternalmultiple (usually 4-7) finger prick the glucose meter readings whic
and fetal morbidity in dia glucose measurements per day ere input by the wearemnd it

betes in pregnancy It has been order to optimize control. This requires at least one glucose rea

recognised for many years thatloes provide valuable informaing every 12 hours (four a day i
pregnancies in women with predtion, but is still an incomplete pic preferred). The system uses a{in
existing diabetes are complicateture of glucose excursionsear regression calculation to eal

by higher rates of congenital malMonitors are now available whichbrate against the meter value

formation, stillbirth and perinatalcan provide a comprehensive gluinterstitial glucose lags behinc

mortality. Many studies have cen cose profile over a 72 hour periodcapillary glucose by approximate

firmed the benefits of improvingThe purpose of this paper is tdy ten minutes, but the sensor us

glucose levels in pregnancy imreview and discuss the role ofn algorithm to adjust for this
reducing maternal and fetal comthese new glucose monitoringsteady state diérence.Although

plications, but overall the out tools in pregnancy one could aue that interstitial
comes for diabetic pregnancies glucose does accurately reflect tt
still remain significantly worse tissue environment, there is mor
than for non-diabetic pregnancies. Continuous glucose monitors of a difference between capillar
The milder degree of glucose (CGM) and interstitial glucose in times o
intolerance in gestational diabetes rapid fluctuations in blood giu
(GDM) is also associated with cose. Patients may well exper

fetal macrosomia, hypoglycaemiaThe Medtronic CGMS deviceence hypoglycaemic symptom
respiratory distress syndrome andained US FDAapproval in 1999. before the monitor has registere
neonatal jaundice (1). There Itis comprised of a disposable gluthem. Medtronic released anoth
appears to be a continuum of riskose sensing device which I£€GMS version in 2004 - the
of increasing complications withinserted just under the skin andGuardian Telemetered glucose
increasing glucose intoleranceconnected by a cable to a pagéonitoring System”, which
Intensive glucose control carsized glucose monitor Based on included alarms which could aler
reduce the rates of macrosomidhe electrochemical detection opatients to impending hypo o
caesarean section and other eorglucose by its reaction to glucoséypeglycaemia. The subsequent
plications in GDM (2). It is also oxidase, the system takes an intetGuardian R CGMS" added a
important to avoid hypoglycaemisstitial glucose measurement imeal time glucose data displand

for both maternal and fetal well-subcutaneous tissue every 10-sethe latest model - the "Guardia
being. Optimal management obnds, within a range of 2.1-22.(Real Time CGMS" includes a
glucose levels in pregnancy isnmol/l. An average value ismodified monitor and radiofre
therefore crucial in obtaining thestored every five minutes, for aguency transmitterlt can be inte

best obstetric results in diabetic pregnanciéstal of 288 measurements per dagrated  with  the  Minimed
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Paradigm insulin pumpThe real easy to use or 'easy to us@he controlled diabetes and two nor
time glucose devices by definitiorlevel of inconvenience was ratedliabetic controls with two concur
do not adjust for the lag betweems 'minimal’ or 'minor' in 81% ofrent CGMS monitors (7). Despite
interstitial and capillary glucosesubjects (3). In contrast, thean overall correlation of 0.84
(presenting just the ambient glu"Glucowatch" has been withdrawrbetween the two monitors, th
cose interstitial concentration)from the market because of a highoncordance was not ideal - wit

which may delay the diagnosis ofate of skin burns. >70% of values displaying >10%
hypoglycaemia. Alarms on the difference. The CGMS device
recent models which are linked The Accuracy of CGM may be less accurate in patien
with trend arrows do go some way who are well controlled and haw
to addressing thi§ here are seven less glucose excursions, as it reli

different CGM devices with FDA The critical question regarding theon linear regression to calibrate.
approval in the United t8tes usefulness of glucose monitoring
(including the "Glucowatch, G2devices is, how accurate is it? Clinical studies using CGM
Biographer", "GlucoDay", There have been many studies
Menarini Diagnostics, "Pendra",nvestigating Minimed CGMS.
Pendragon Medical and "STS"Gross et al (4) studied 135 adultBlon-pregnant population
Dexcom), but only the Medtronicwith type 1 diabetes and compared

devices are currently available irthe CGMS values with meterCGMS has been extensively stu
Australia or New Zealand. results, and found a good correldaed in non-pregnant diabetic
tion (r=0.91) between these valpatients where it has demonstratc
ues. Other investigators havelinical usefulness, and has bee
Safety of CGM found similar resultsTansey stud able to enhance decision makin
ied 200 children in the outpatienby detecting previously unrecog
setting and found a mean relativaised post prandial hypgy-
The Medtronic CGMS andabsolute diference of the caemia and nocturnal hyper ar
Dexcom STS devices are veryuardian CGMS to meter valuehiypoglycaemia. It is worth noting
well tolerated by subjects.The of 12% (5). however the limited benefit seer
inserted needles allows potential in improvement in HBALc in clin
infection, but sterile insertionHowever CGMS does appear tacal studies. Four randomize
techniques mean that the rate dfe less accurate in the hypoglystudies with over 200 subject
irritation and infection is low (0- caemic range, and owvdiagnose between them showed no or min
3% in studies). There is usually hypoglycaemia. Bodes' study ofmal improvement in HBAlc in
minimal discomfort associated71 patients withType 1 diabetes subjects using CGMS vs. finger
with wearing these monitors, bufound that the Guardian CGMSprick monitoring. A recent study
some subijects find them inconvenproduced 46% false hypogly using the real time GuardiarmTi
ient (especially in the shower!). Incaemia alerts, and read on averad®6 subjects, did find a significan
our study of pregnant women withl2.8mg/dl below the concurrentreduction of 0.6% in those usin
diabetes, 44/48 women assessggucometer readings (6). Metzgethe glucose monitor (8).

the Medtronic CGMS as 'verystudied nine subjects with well
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Pregnant population sions. Although intermittent fiR women with diabetes tend to b
gerprick glucose estimation carhighly motivated to improve their
Yogev et al (9) conducted one o€ertainly demonstrate post prandiglucose levels, and the 24 hol
the first lager trials of the CGMS al hypeglycaemia, it appears fromprofiles can be informative anc
in pregnant women witifype 1 these clinical studies that CGMSuseful for the subjects themselve
diabetes. Thirty four women can detect some hymgycaemia In our community based CGN
underwent a CGMS studyTheir that is missed with intermittentstudy 43/48 subjects (90%) repor
CGMS results were analyzed sepmonitoring. Possible explanaed that their understanding of hoy
arately to their glucose diaries by #ions for this include that postpranthey could control blood glucos
blinded experienced physiciandial hypeglycaemia may alsowas either ‘clearly better' or 'bette
The CGMS revealed multipleextend for longer than can balfter using the CGMS (as oppose
episodes of hyper and hypoglydemonstrated by a single fingerto 'the same', 'worse' and 'clear
caemia which were not detectegrick level, and that the CGMSworse") (3).
by intermittent meter glucose levremoves the potential for error in
els. The insulin regimen of thethe patients timing and method oAs yet, there is no data in pregna
patients was altered in 70% of thglucose estimation. women showing an improvemer
subjects, based on the CGMS in HBA1c with the use of CGM.
results. Chen et al went on td’he detection of unrecognised’here is of course also no dat
study 47 lIsraeli and 1Bmerican hypoglycaemia is another specifishowing improved obstetric end
pregnant women with GDM, bothadvantage of CGMS. Maternapoints with CGM use, which
diet and insulin treated, in the thircdhypoglycaemia is a commonwould require very laye subject
trimester In the Israeli women, occurrence in pre-existing dianumbers to be adequately pov
they found a mean of 131 +3letes in pregnangyoccurring up ered.
minutes per day of unrecognisetb 15 times more often than in the
hypeglycaemia (>140mg/dl or non-pregnant state in the intensive
7.8mmol/l) in the insulin treatedmanagement arm of the Diabetes Future role
group and 94 £23 minutes per dagontrol and Complication3rial.
in the diet group.Thirty one noe Hypoglycaemia is potentially
turnal hypoglycaemic events (>3@amaging to mother and fetusCGM devices are also alread
minutes with glucose <50mg/dl)with animal studies showing thabeing used to study new trea
were recorded in 14 of the insulirhypoglycaemia in the firstments and insulin regimes
treated Israeli women and 8 of thérimester can be teratogenicbecause of their unique 72 hot
10 American women also hadHuman data is limited, and obserglucose profile.
overnight hypoglycaemia. In 76%vational studies have failed to linkPregnancy represents a uniqt
of the Israeli women and all of thehe incidence of hypoglycaemiachance for clinicians to study ir
American women, the CGMSwith congenital malformations,detail the efects of glucose excur
study altered management decbut logic would suggest that hyposions on clinical end points. CGN
sions which had been based on figlycaemia is best avoided imfmay enhance our ability to identi
gerprick glucose monitoringWe developing brains. The more fy the efects of hypo and hyper
also conducted a study of CGM&dvanced continuous glucosglycaemia on the developing fetu:
in the community setting -68monitors which have hypogly by recording in new detail the
CGMS traces were obtained in 58aemic alarms and trend alarmextent of glucose excursions
pregnant women - 37 with gestaand enable patients to check thelKersson (10) has already used tl
tional diabetes, 10 witliype 2 and glucose with a meter value willCGM to show that hypeity-
8 with Type 1 diabetes (3). 42/68also help to address the issue a@fhemic in the second trimester w:
(62%) of traces were assessed @gsorer accuracy of the monitors iinked to early lage for gestation
providing additional information the hypoglycaemic range. al age babies in women witfype
which altered clinical manage 1 diabetes. It may help us to tea:
ment decisionsThe CGMS traces Another advantage of the continuout the role of hypeglycaemia
were most useful in patients withous glucose monitors is the extramongst other contributors t
Type 1 diabetes, who are prone tmformation and feedback it pro macrosomia, placental dysfunc
more significant glucose excurvides to the subjects. Pregnarton and other adverse events.




Page 32 Vol.2 No.4 2007

time, continuous glucose monitord996: incidence, risk factors andor glucose values alert patients
may help to improve obstetric eutoutcomes. Med JAust 2002, hypo- and hypealycemia: the
comes in pregnant diabetic womea77(9), 486-491. guardian continuous monitoring
and their ofspring. 2. SermerM., Naylor, C.D., Farine, system. DiabetesTechnol Ther
D. et al. The Toronto Tri-Hospital 2004, 6(2), 105-13.
Gestational Diabetes Projestpree 7. Metzger M., Leibowitz, G,
Conclusion liminary review Diabetes Care Wainstein, J., GlaseB. & Raz, I.
1998, 21 Suppl 2, B33-42. Reproducibility of glucose meas
3. McLachlan, K., JenkinsA. & urements using the glucose sens:
CGM is a promising tool which ©'Neal, D.The role of continuous Diabetes Care 2002, 25(7)185-
has shown some, but limited benddlucose monitoring in clinical deci 1191.
fit in improving glycaemic control sion-making in diabetes in pregnrand. Deiss, D., Bolinderd., Riv.eline,
in women with diabetes in preg cy. Aust N Z J Obstet Gynaecold.P gt al. Improved glycemlc_cen
nancy When used judiciously 2007, 47(3), 186-190. trql in poorl_y controllt—;‘d patler_1ts
with knowledge of s Imitations, & (085, B0 30 ontintous. glucose. menitoring
L : . Ein , D. : inuou u itori
I(:izlisn aagcsje:)lgtiiﬂtu\r;v(ﬁcfo;rtehit;:il\l;l;lrll evaluation of the MiniMed continu Diabetes Care 2006, 29(12), 273
. : . ~0us glucose monitoring system dur2732.
to optimize glycaemic control in. . .
: ing patient home use. DiabeteS. Yogev Y., Ben-HaroushA.,
pregnancy It Shows promise as apg.other 2000, 2(1), 49-56.  Chen, R., Kaplan, B., Phillip, M. &
research and cllnlcql tool in theS. Tansey M.J., Beck, R.W Hod, M. Continuous glucose meni
future, as technological adVz’mceéuckingham, B.A. et alAccuracy toring for treatment adjustment ir
improve its accuracy and featuréyt the modified Continuous diabetic pregnancies-—-a pilot stud:
Glucose Monitoring  SystemDiabet Med 2003, 20(7), 558-562.
(CGMS) sensor in an outpatienfl0. KerssenA., de Valk, HW &
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